California, USA) was used to extract RNA from collected leaves, and an RNA-Seq data set containing 5.64 Gbp of paired-end raw reads was generated by the Beijing Genomics Institute using the Illumina HiSeq 2500 platform (Illumina, San Diego, California, USA). The raw reads have been deposited into the National Center for Biotechnology Information Sequence Read Archive (SRA accession number: SRR10158849). Raw reads were initially filtered by removing ambiguous reads (N > 5%) and low-quality reads (>20% of nucleotides with Q value ≤ 10) and trimming adapters using Trimmomatic (Bolger et al., 2014) , yielding 15,264,074 clean reads. Clean reads were then assembled into 94,932 transcripts (N50 = 2212 bp) using Trinity version 2.5 (Grabherr et al., 2011) with the default parameters, and TGICL version 2.1 (Pertea et al., 2003) was used to cluster the transcripts into 42,477 unigenes (N50 = 1581 bp). SSR screening was performed using MISA (Thiel et al., 2003 ) with repeat identification ranging from mono-to hexanucleotides within the identified unigenes. A total of 6543 EST-SSR motifs were identified, and 3945 primer pairs were designed using Primer3 software (Rozen and Skaletsky, 1999) with default settings. Seventy primer pairs were randomly chosen for initial screening with five samples (one individual per population; Appendix 1) of P. tatarinowii to ensure the availability and optimal annealing temperature of each pair. One hundred forty-seven individuals of P. tatarinowii from five wild populations (Appendix 1) were collected to evaluate and validate the polymorphism of the EST-SSR markers. Two related Ulmaceae species (U. gaussenii and U. chenmoui [n = 10 for each species]; Appendix 1) were selected to test the cross-amplification of the markers. Total genomic DNA was extracted from silica gel-dried leaves with Plant DNAzol Reagent (Invitrogen Life Technologies) following the manufacturer's protocol. DNA quality was examined on a 0.8% agarose gel stained with 1× GelRed (Biotium Inc., Fremont, California, USA), and the concentration was checked using a Nano-Drop Lite spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA). PCR amplifications were performed on a GeneAmp PCR System 9700 DNA thermal cycler (Perkin-Elmer, Norwalk, Connecticut, USA) following the standard protocol of the 2× Taq Master Mix (Vazyme Biotech Co., Ltd., Nanjing, China) in a final volume of 15 μL, containing 1 μL (100 ng) of genomic DNA, 7.5 μL of 2× Taq Master Mix, 5.5 μL of deionized water, and 0.5 μL of forward and reverse primers (10 μM). The PCR procedure consisted of 5 min of initial denaturation at 95°C; 35 cycles of 45 s at 95°C, a temperature gradient for annealing from 48°C to 60°C for 30 s, and 30 s of synthesis at 72°C; followed by a final 15-min extension step at 72°C and a 4°C holding temperature. The resulting 48 primer pairs (68.6%) that produced a clear band in initial screening of five individuals of P. tatarinowii were selected for further tests of polymorphism and transferability.
To screen polymorphisms of these 48 EST-SSR loci, fluorescence-based genotyping was performed using 147 individuals from five wild populations (Appendix 1). For all loci, the 5′ end of each forward primer was tagged with one of four fluorescent dyes (FAM, ROX, HEX, or TAMRA; Sangon Biotech, Shanghai, China). The same PCR conditions described above were used for amplification, except for 30 s of annealing at the optimal primer temperature (Table 1) . After amplification, we analyzed the multiplex DNA products labeled with the four above-mentioned fluorescent dyes on an ABI 3730XL DNA Analyzer (Applied Biosystems, Foster City, California, USA) with GeneScan 500 LIZ Size Standard as an internal reference. GeneMarker version 2.2.0 (SoftGenetics, State College, Pennsylvania, USA) was then used to score the electrophoresis peaks and identify polymorphisms. Of the 48 candidate EST-SSR markers, 20 (41.7%) exhibited polymorphism in P. tatarinowii. All 20 EST-SSR sequences were deposited in GenBank (Table 1) and were used for cross-amplification tests. Furthermore, the corresponding sequences of these 20 EST-SSRs were BLASTed against the GenBank nonredundant database using BLASTX (Altschul et al., 1997) (Table 1 ). The characteristics of the 28 monomorphic EST-SSR markers are provided in Appendix 2.
Genetic diversity parameters (number of alleles and levels of expected and observed heterozygosity) were calculated in the five wild populations of P. tatarinowii using GenAlEx 6.5 (Peakall and Smouse, 2012) . Significant deviation from Hardy-Weinberg equilibrium for each population and linkage disequilibrium for each primer pair were examined with GENEPOP version 4.2 (Rousset, 2008 ) using a Bonferroni correction. For each population of P. tatarinowii, levels of observed and expected heterozygosity varied from 0.000 to 0.917 (mean = 0.402) and from 0.000 to 0.789 (mean = 0.405), respectively ( Table 2 ). The HardyWeinberg equilibrium test indicated that three primer pairs (E3 in the SD population, E4 in the JX and YZJ populations, and E5 in the LYS and TMS populations) deviated significantly from expectations after applying a Bonferroni correction (P < 0.05; Table 2 ), which might be caused by the Wahlund effect. No significant linkage disequilibrium was observed for any pair of loci after applying a Bonferroni correction.
Cross-species amplification tests of the 20 loci in U. gaussenii and U. chenmoui followed the PCR procedures mentioned above. PCR products were detected using 2% agarose gels, and amplification was considered successful when one clear band was visible in the expected size range. We further analyzed the successful amplification products on an ABI 3730XL DNA Analyzer (Applied Biosystems) with GeneScan 500 LIZ Size Standard as an internal reference. GeneMarker version 2.2.0 (SoftGenetics) was then employed to score the electrophoresis peaks and identify polymorphisms. Overall, all loci were successfully amplified and exhibited polymorphisms, except for locus E36 for U. chenmoui and loci E16 and E53 for U. gaussenii (Table 2) .
CONCLUSIONS
Using high-throughput RNA sequencing data, we developed 20 polymorphic EST-SSR markers for P. tatarinowii. Most of these markers showed high transferability in two related species, suggesting that they may contribute to the population genetics and molecular breeding of other Ulmaceae species.
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